Whole chloroplast genome comparison of rice, maize, and wheat: implications for chloroplast gene diversification and phylogeny of cereals.
The fully sequenced chloroplast genomes of maize (subfamily Panicoideae), rice (subfamily Bambusoideae), and wheat (subfamily Pooideae) provide the unique opportunity to investigate the evolution of chloroplast genes and genomes in the grass family (Poaceae) by whole-genome comparison. Analyses of nucleotide sequence variations in 106 cereal chloroplast genes with tobacco sequences as the outgroup suggested that (1) most of the genic regions of the chloroplast genomes of maize, rice, and wheat have evolved at similar rates; (2) RNA genes have highly conservative evolutionary rates relative to the other genes; (3) photosynthetic genes have been under strong purifying selection; (4) between the three cereals, 14 genes which account for about 28% of the genic region have evolved with heterogeneous nucleotide substitution rates; and (5) rice genes tend to have evolved more slowly than the others at loci where rate heterogeneity exists. Although the mechanism that underlies chloroplast gene diversification is complex, our analyses identified variation in nonsynonymous substitution rates as a genetic force that generates heterogeneity, which is evidence of selection in chloroplast gene diversification at the intrafamilial level. Phylogenetic trees constructed with the variable nucleotide sites of the chloroplast genes place maize basal to the rice-wheat clade, revealing a close relationship between the Bambusoideae and Pooideae.